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Derivation of the Eq.3 of the manuscript

The adsorption energy is given by,

∆E(δm) =
∑
σ

{
∫ EF+δEF

ED̃σ(E)dE −
∫ EF

EDσ(E)dE − naσεaσ}

=
∑
σ

{
∫ EF

ED̃σ(E)dE +

∫ EF+δEF

EF

ED̃σ(E)dE −
∫ EF

EDσ(E)dE − naσεaσ}

=
∑
σ

{
∫ EF

E∆Dσ(E)dE + EF D̃σ(EF )δEF − naσεaσ}

Now using the charge neutrality condition,

∫ EF+δEF

D̃σ(E)dE −
∫ EF

Dσ(E)dE = naσ

or ∫ EF

∆Dσ(E)dE + D̃σ(EF )δEF = naσ

we get,

∆E(δm) =
∑
σ

∫ EF

E∆Dσ(E)dE − EF
∫ EF

∆Dσ(E)dE +
∑
σ

EF (naσ − εaσ)

=
∑
σ

∫ EF

E∆Dσ(E)dE − EF
∫ EF

∆D↑(E)dE − EF
∫ EF

∆D↓(E)dE

+
∑
σ

EF (naσ − εaσ)

Now by adding and subtracting EF
∫ EF ∆D↑(E)dE to right hand side of the above equation

we get the Eq.3 of the manuscript.

Calculation of the Stoner parameter for the Fe-(110) film

We have have performed the fixed spin moment calculations for the Fe (110) film. The
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total energy of the film can be written as,

E(m) = E(0) +
1

2
χ−1m2 +

1

4
βm4 (1)

Where E0 corresponds to the contributions from the non-magnetic degrees of freedoms,

χ is the Stoner enhancement of the susceptibility. Therefore, χ−1 = ∂2E(m)
dE2 . The Stoner

parameter is obtained from the from the following [1]

I =
1

N(EF )
− 2

χ
(2)

We calculate χ by fitting the Eq.1 to the total energy as shown in the Fig.S1. The calculated

value is 0.26.
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FIG. S1: (Color online) Fixed spin moment energy of bcc (110) surface as a function of the magnetic

moment per Fe-atom
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Derivation of the Eq.9 of the manuscript

The unperturbed Hamiltonian of the system is given by,

H0 =
∑
kσ

εkσc
†
kσckσ +

∑
σ

εaσnaσ (3)

Where the first term represents the metal Hamiltonian, while the second term is that of the

adsorbate. The band index is omitted. The Green’s function of the the unperturbed system

is given by,

G0
σ =

1

E −H0 + iδ
(4)

When we switch on the coupling between the two subsytems, the total Hamiltonian becomes,

H = H0 + V
∑
k,j,σ

c†kσcaσ + h.c (5)

The Green’s function for the composite system is given by,

Gσ =
1

E −H + iδ
(6)

For each spin, the change in density of states of the metal surface is given by,

∆Dσ(E) = ∆nσ(E) +
∑
σ

δ(ε− εaσ) (7)

Where,

∆nσ(E) = − 1

π
Im
(
Gσ(E)−G0

σ(E)
)

= − 1

π
Im

(
d

dE
lndet(1− V G0

σ)

)
= − 1

π
Im

d

dE
ln(1− V 2

∑
k

G0
kσG

0
aσ)

(8)

Where

G0
kσ =

1

E − εkσ + iδ

and

G0
aσ =

1

E − εaσ + iδ
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are free metal and adsorbate Green’s function respectively Therefore from Eq.8

∆nσ(E) = − 1

π
Im

d

dE
ln(1− V 2

∑
k

1

E − εkσ + iδ

1

E − εaσ + iδ
)

= − 1

π
Im

d

dE
ln(1− Σσ(E)

E − εaσ + iδ
)

= − 1

π
Im

d

dE
[ln(E − εaσ − Σσ(E)− ln(E − εaσ + iδ)]

(9)

Using the identity below,
d

dx
lnu(x) =

u′(x)

u(x)

we get

∆nσ(E) = − 1

π
Im

[
(1− dΣσ(E)

dE
)

E − εaσ − Σσ(E)

]
− δ(E − εaσ)

after rearranging we get,

∆nσ(E) + δ(E − εaσ) = − 1

π
Im

[
(1− dΣσ(E)

dE
)

E − εaσ − Σσ(E)

]

∆Dσ(E) = − 1

π
Im

[
(1− dΣσ(E)

dE
)

E − εaσ − Σσ(E)

]

= − 1

π
Im

[
(1− dΣσ(E)

dE
)Gaσ(E)

]
(10)

The above equation gives the change in DOS of the adsorbent for a spin σ due to chemisorp-

tion. This is used in the manuscript to obtain the most important physical parameters such

as adsorption energy, change in surface magnetic moments etc.
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